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The effects Of stress on state anxiety and heart rate 
of nale high school subjects were investigated. Two psychoaotox tasks 
were used. In the stress condition « subjects receivsd negative 
feedback about perfpraancie; the subjects in the nonstress condition 
were given rest intervals. Subjects in both conditions showed 
differing regression lines. Thct nonstress group ■aintained the sai« 
state anxiety level across the taskis, with increased heart rate 
occurring as a result of the aotor tasks. The stress group increased 
in state anxiety and heart rate measures. The two groups were 
significantly different (at the .01 level) on all vithin^task 
measures and the stress group perforned better on the two ■otor skill 
tasks. (Author) 
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Effects of Concarrfent Negative Feedback 

on Perfbmance of Two Motor Tasks 

Leigh F. Kleffer 
and 

" Robert D. Tennyson 

Florida State University 
ABSTRACT 

The effects of stress on state anxiety and on heart rate of 
male high school Ss were investigated. Two psychomotor tasks were 
used. In the stress condition, Ss received negative feedback about 
performance; the Ss In the nonstress condition were given rest 
intervals. Ss in the two conditions showed similar pretask (£ > .05) 
A-State and heart rate measures. However, during the tasks the 
groups showed differing regression lines. The nonstress group main-- 
tained the same A-State level across the tasks with Increased heart 
rate occurring as a result of the motor task. The stress group 
Increased in A-State and heart rate measures. The two groups were 
significantly different (b. < -Ol) In all within-task measures. The 
stress group performed better on the two motor skill tasks. 



Effects of Cbhcurrent" Negative Feedback 

on Performance of TVo Motor* Tasks 

Leigh F. Kieffer 
and 

Robeirt D. Tennyson 
Florida State University 

Physiological factors produce adjustments In heart rats to meet 
the requirements of the behavioral situation. The Internal liomeostasis 
of thr organism reflects the demands of changing metabolic activ|ty 
to the 'th»ig1rrg environment . Initial irises' In heart rate' |ff6 frequently 
demonstrated prior to activity as a result of reflex activity In the 
cortex caused by anxiety, excitement, or anticipation of new and different 
experiences (Suggs & Splinter:,:. 1966). For example, 0111 (1959) found 
that significant increases in heart rate were experienced In teenage 
males prior to testing in a laboratory situation. 

Several studies have Investigated the effects of anxiety proneness 
of Ss learning to perform motor tasks (Castaneda & lipsitt, 1971; Ryan, 
1962; Carron, 1968). Physiologists have studied the metabolic or 
chemical changes within the body resulting from stressful cOQdliions 
(Datta & Ramanathan, 1969; Franks & Cureton, 1968). An appropriate 
direction for research on anxiety would be the simultaneous measurement 
of psychological and physiologicaT variables during inducied states of 
stress using muTtivaHate analysts procedures. ' One experimental 
method: of Inducing stress is to iJre^ent consistently negative knowledge 
of results of ijerformance on psyclidmotor tasks. 
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Hypothesis . The present stu<iy proposed to fext^d cognitive 
studies concerned with trait and state anxiety meastires Into the 
psychonwtor domain (Tennyson & Boutwell, 1973; O'Nell 197?) . It 
was hypathesii:ed that Induced stress, through negative feedback, would 
cause iticreases tn state anxiety and heart rate during psychomc^tor task 
performances. The purpose was ' to obtain concurrent measures of anxiety 
using self-report instrument (measuring both trait and state anxlousnesii) 
and a physiological measure of heart rate. 

Method 

Subjects . Twenty-three eleventh grade males (ages 15-16) were 
randomly selected from Florida State" University's Research 'and;^Dev6Top-. 
mental Laboratory School. The school's student body is.. representa- 
tive of the state's population norms for cognitive, ethnic, and racial 
characteristics. Ss were required to participate in the study as part 
of their physical education class activities. Three Ss took part in the 
preexperimental tryouts of the two treatment conditions. One S was 
dropped from the data analysis due to a failure In obtaining a consistent 
measure of heart rate during Task B. 

Psychomotor tasks . Two psychomotor tasks were selected as 
Irrelevant treatments through which stimulation of anxiety 
states could be planned and observed. The learning of the tasks was 
not for the purpose of improving skill, figr se; but rather to require 
Ss to perform a relatively simple task where the conditions for stimuli 
could prodt/ce a differential level of anxiety and could be expedited 
effectively while the S. was st|n The anxiety level was 

manipulated by means of concurrent, controverted feedback on 
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task performance. The results of performance given to each S. 
In the experimental group was consistently negative regardless of 
actual performance. Ss in the control group were told that they were 
as JstIng in the testing of a new piece of reaction time/movement 
time apparatus and received no feedback regarding their performance. 

The motor tasks included an "easy" task of reaction time (RT) 
In response to a visual stimulus (Task A), and a "hard" task pf reaction 
time and movement time (RT-I^T) using the same visual stimulus (Task B). 
Tasks were designated as easy or hard with respect to the amount of 
muscular Involvement required. These tasks were selected because they 
could be measured within a restricted envlrqoinent and administered over 
a short time duration. Lapse of time between trial or task sessions 
was eliminated, for testing occurred during a 45-minute period 
for each S. 

Task A (RT) consisted of Ss placing their right forearm, with 
palm down, flat on a specified portion of the testing panel in such a 
manner that their index finger completely covered a photo sensitive cell 
This obstructed a beam of light focused on the cell which was connected 
to a timer recording in milliseconds the time lapse between appearance 
of the proper light stimulus and the removal of S's finger from the cell 
Every time a blue light appeared, the S knew that within one to fcur 
seconds a white light would appear to which he was to respond In the 
appropriate manner. The S was given eight trials per period. Following 
each period a red light appeared at which time Ss were either given 
consistently poor evaluations (i.e., negative feedback) of their per- 
formance or a rest break. The task consisted of Tour periods* 
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Task B used the initial procedure of Tasic A esctept that upon 
betng'presehted with the white stimulus light, ss werrtttstructfed to 
move "thetr entire arm from position A, across the panel , *ind continuing 
through a'photo sensitive celt marked B. Directlxinfs emphtslzed that this 
movienient' should be done very quickly with a sweeping 'inotton. 

Apparatus . All control systems were located Ira 'sep^Cijate room. 

The logtc for- photocell amplifiers, visual stimuli ; and tinfer recorders 
was Tnnjgramiied into a BRS ToringerOlgllab DLC-OOl Solid State -t;};|jj1c. 
Internal sequencing of the rationale for generation of aTl Visual stimuli 
was used to Insure randomization of presentation. Observation heart 
ra-te was accomplished by placing an electrode on the S's left arm in the 
area of the brachial artery. The electrode was held in place with a 
cloth cuff and electrode strap. The Easterline Angus Event Recorder, 
model A 620X, monitored heart rate with a paper speed of six inches 
per~minute. A white noise generator, model 24-21B, with microphone and 
two-way output communication, was used to mute outside noise in the 
testing room. 

Anxiety measures . The Spielberger, Gorsuch, and Lushene (1970) 
Trait-State Anxiety Inventory (STAI) was used to measure' both aspects 
of anxiousness of Ss. The A-State (Form X-1) required the Ss to indi- 
cate how they felt "at that moment." The A-Trait (Form X-2) was used 
to measure how Ss "generally felt."' 

Experimental design . The multiple treatment design (Campbell 
& Stanley, 1963) established pretask baseline measures for state anxiety 
and heart rate. This design allowed for the multivariate analysis of 
within-task changes which resulted from the presentati oh of various 
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treatment conditions. The tiw)-=treatment des1gn*xontrBlled for the 

effect of 'heart rate increases ' occarrtnq* during the' psychonwJtor tasks. 

The first'treatment-group received negative feedback on 

perf&rmante after each of four" periods 'per task", whieh*v*as hypothes ized 

to produce stress with an accompanytngMncrea^e In heart rate. The 

control group was givena rest In tervaV foil owing each 

period; it was assumed that heart rate increases would occur only from 

the physical activity reqal red" fromt the tasks.' Along with multlRle 

measures of heart rate and task performance the STAI A-State Scale scores 

were taken; one during the pretask" period and one at the conclusion of 

each of the task periods. 

Procedure for pretask period. Ss were as si gned to '1 ndi v1 dual 
testing times and treatments which had been randomly generated prior 
to the experiment. At the beginning of the pretask period the electrode 
was placed on the upper left arm of the S; following this the purpose 
and directions for using the Self-Evaluation Questionnaires (STAI A-Trait 
and A-State Scales) were read aloud to each S. Ss in the stress group 
were additionally told that their scores were being recorded art a computer 
which had been programed to evaluate their performance as they proceeded 
through the program. The S^s were directed to answer the STAI A-Trait 
Scale and then the first in a series of three A-Stata self-report forms. 

After the first pretask A-State form was finished, the e;<peri- 
menter briefly explained when the subsequent forms were to be answered, 
and remained in the testing room while the apparatus procedures were 
explained and practice trials completed. 



Procedure for within-task period. After each period of the tasks 
negative feedback on performance was given to the stress' group regardless 
of their actual scores. It was necessary to generate-evaToatlVf feedback 
response-s-'for- each task centered ' upon~ the • 1 nadeijuacy "oT tMBiS' s perform- 
ance, speed, speed and performance, and reaction time and/or movement 
time. This negative feedback was given Immediately at the conclusion of 
each period. The nonstress group was given an equal -time Interval of res'* 
following each period of the two tasks. The first two periods 1n each task 
were warm-up periods consisting of eight trials each. During this period 
Ss were trained by the. same method and with the same feedback or rest Inter- 
vals that they experienced during periods three and four. At the conclusion 
of each task the Ss were directed to respond on the STAI A-State Scale 
according to how they felt during the task. 

Results 

Dependent variables . The data were organized into three major 
sections according to the experimental format shown in Table 1. In the 
first section baseline measures of anxiety trait, anxiety state, and 
mean heart rate were gathered. Measures within each subsequent section 
included additional variables of performance on the task. The reaction 
time and movement time tasks were measured in milliseconds. 

Ten dependent variables were analyzed over all subjects in both 
groups using a multivariate statistical design. These were the STAI 
A-Trait and A-State Scale scores(4), the heart rates(3), and the reaction 
time and movement time measures(3). The multivariate analysis of variance 
was selected because of the Interdependence of the variables, that is , the 



treatment affected state anxiety level, anxiety affected heart raite, with 
both affecting task performance. The data analysis on the ten variables 
resulted tn a significant difference between the stress and nonstress 
groups (U > .11, df» 10,1,17, £> .05) (Table 1), To determine which 
variables were statistically different, univariate tests were conducted 
on each variable plus selected multivariate Interaction tests. 

P retask variables . Results of the univariate tests on the two 
anxiety measures and heart rate showed that the two groups did not 
significantly differ on the pretask variables (£ > .05) (Table 1). Since 
no standardized norms or other comparable data existed on heart rate 
using similar Ss or experimental situations, the pretask means were used 
as baselines to interpret heart rate changes that occurred In the sub- 
sequent periods of the two treatments. The STAI A-State Scale scores 
can be compared to previously acquired da^a. Two past studies (Tennyson & 
Boutwell. 1973; Tennyson & Wool ley, 1971) had A-State means of 36.2 and 
36„6, which are slightly lower to the means of 43.3 (stress group) and 
38.5 (nonstress group). On the 20-po1nt scale, minimum of 20 (low anxiety) 
and maximum of 80 (high anxiety). It was assumed that the two anxiety 
mean measures showed an average trait and state anxiety level for the two 
groups. Thus, prior to the introduction of the stress or nonstress con- 
dition the Ss had comparable self-reported anxiety scores and heart rates. 

STAI A-State o The measure of S^ state anxiety was a dependent 
function of the type of stress or nonstress condition. A second measure 
of A-State was taken ImmedlateTy after Task A, with Ss reporting on how 
they felt' during the task. The stress group had a mean 61' 50.4, an 
increase of 7 points over the pretask A-State mean, while the nonstress 
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groap*s" OTcond" ineah"was- 39.3' (TaBlla' 1) . Ustng^Tun urt1vai(f1'ate test , the 
two -groupywefe'islgnlft cantTy d1 fferent oii the STAI A-'State- Scale 
scores (F » 9.38. df'^ 1, 17j:fi:> .05); The STAr A-S^ate $c^|e data 
Indicated- that the nohstresis-Ss remained ciinstant In their sI?if-»'eport 
of feeltngs- daring the tasfcsV however, the- stress* Ss responded with an 
increase tn" anxiety after rectilvl^igiiegatl^ their ^ . 

performafice. ' ^, 

Heart rate . Ss had their heart rates monitored thro ughou^fj, the 
experiment. Heart rates were calculated for each period of the treatment, 
that Is. during the pretask period, and during the four periods in each of 
the two tasks. Pertdds one and two were considered practice conditions 
for the psychomotor tasks, while periods three and four were averaged per 
task as the dependent var1ables*< giving each S. three heart rate_ meas.ures, 
Pretask heart rates were nonslgniflcantly different between the two groups, 
even though the mean of 86.4 for the stress group was higher than the 
nopstress group's mean of 80.1 (fi. > ,05) (Table 1) . During Task A .the 
average heart rate of the stress group Increased to a mean of 99.0. It 
was anticipated that the physical movement of the reaction time task would 
increase the heart rate; however, the nonstress group had the same reading 
for Task A as 1t did during the pretask period. The univariate test on 
the Task A heart rates showed a significant difference between the two 
groups (F = 32.88, df = 1,17; £> .05) . 

The movement demands for Task B did affect the heart rates for 
botii groups. The stress group had an average increaise of 14.5 beats per 
minute for a mean of 113,5. The nonstress group heart rate went from a 
Task A mearr of 80.2 to 101.5 for Task a .21.3. heart rate increase. The 
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S;tr8SS"grt»up- maintained a significantly higher heart~Tliite[''CF'» 22.06, 
df « 1»17; £ !*.05). but the gap between the groups' heart rates decreased 

Reaction and movement" tlffie vartable s. A secondar^;coricern In 
this stucty was the performance of the Ss on the psychomotor tasks. 
Ss were given Bight trials per period, with four periods per tasK. As 
with the heart rate data analysis, the first two perlotjs per task were 
considered practice, and for analysts purposes, periods three and four 
Vfefe sveraiged for each task. The Ta'sk"A"rGaction time means (Table 1), 
measured In milliseconds, showed that the stress group (M > .28 msec) 
was significantly faster than the nonstress group (M = „ 33 msec.) (F = 
25.90; df « 1,17; fi.>.05). A similar performance difference resulted 
In Task B, with the stress group having significantly better performance 
times on both conditions of reaction time (stress group M - 30 msec; 
nonstress group M = .36 msec.)(F = 18.00; df ^ 1,17; £ >.05) and 
fflpvemerit time (stress group M f .15 msec; nonstress group M = .25 msec.) 
( F ■ 18.18; df - 1,17; £ >.05) than the nonstress group. Because of 
the different movement requirements for Task B, the reaction times in 
both^roUt>s are two to three milliseconds increments higher than Task A. 

Interactions . Interactions reported were those selected 
tfi be interpre table In terms of the hypotheses investigated. The 
Interactions using the pretask STAIA-State Scale and heart rates with 
th« Task A A-State and heart rate and the Task A reaction time were non^ 
significant (£ >. 05). The interaction between the groups' A-State and 
h^art rateWasures was likewise nonsignificant (£ >.05). This Indicated 
that the regression lines of the two groups Cn the above measures did 
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not' change significantly from the' pretask to Task A. However, the -regress - 
Ion lines showed a significant Interaction when analyzing the pretask A-State 
and heart rate measures with the equivalent Task B measares tU^^^^^ 
slopes for the stress and nonstress groups increased at different levels. 
An interaction between the pretask A-State and heart rate measurers with the 
Task B reaction and movement times resulted in ordinal sTo)^<^S"(lJL > .76). 
A disordlnal interaction occurred between the Task B measures of A-State 
and heart rate with reaction and movement times (U >. 30). The stress 
group with a reported A-State mean pf 51.6 and heart rate of 113 .^S beats/min. 
had a reaction time mean of .30 msec.-«(nd a movement time mean of ;i5 msec,; 
while the nohstress group, with an A-State mean of 40.4 and a heart rate of 
101.5 beats/mih., had a mean task time of .36 msec, and .25 msec, Respectively. 

Correlations. The pretask A-Tralt scores and thtf "th-ee A-State 
measure correlations demonstrated the inconsistency of the Ss self-reporting 
in the two treatment cohdltions (df = 17, fi. > .05). The stress group 
correlations were .29 (A-S^) , .22 (A-Sg) ». and .15 (A-Sg) , while the non- 
stress group had the following, .60 (A-S^), .70 (A-Sg). and .75 (A-S^) . 
However, the pretask A-State correTated wit^^ .73 (A-Sg) 

and .66 (A-Sg), but with'the-hohstress groiip at .47^^^^^a^^^ 
Heart rate correlations were also diverse in that the pretask heart rates 
for the stress Ss were consistent at ,55 (HRg) and .47 (HR3), with the 
nonstress Ss showing an opposite trend at .66 (HRg) and -.18 (HR3). 
Within-task correlations also showed contradictory results for the two 
groups. The only correlation in which the groups demonstrated similarity 
was In the two A-St&te measures (stress group r = .97; and nonstress group 
r » .94). Performance correlations on the Teactlon Tasks A 
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and B were comparablo 1n that" th^ nreiss group hJRt*an r .65 a?i4 the 
nonstresrs-igrtrtrp •r cSS ; ' ' One "TtrraT'cbirrelatlon of Impc " cance was between 
the Task B performance scores (RTg and MT). where stress' Ss showed a 
correlation of .75, while the nonstress Ss showed an r of .30^ 

4)1scuss1on 

The purpose of this study was to Investigate the concuyient 
correlation of self-report anxiety With heart rate measures on two motor 
tasks. Results of the pretask variables of STAI A-Tra1t"and A-State 
demonstrated that both groups were similar for these measured. However, 
A-Tralt was not shown to be a good predictor of anxiety within motor 
tasks for the stress group. Since this group was Introduced to a 
stressful environment from the beginning of the experiment, and as pre- 
dictive reliability measures between A-Tralt and A-State usually yield 
high correlations In nonstress situations, these differences were hypothec 
sized. The nonstress group's A-Trait and A-State correlations were more 
representative of past findings. The Impending threat of evaluative feed- 
back about performance led to an initial Increase in the activation of 
general anxiety potential. These results were also paralleled by the 
physiological measures which demonstrated that Ss in the two groups did 
raspond differently to the two treatment conditions. 

Performance on the two motor tasks was also represented^^l^ 
fluctuations In A-State and heart rate for both groups. Of particular 
Inpdrtance were the scores exhibited by the stresis groUp. They were 
consistently better on both tasks than the nonstress group. Thd reaictlve 
effect of constant negative feedback contributed to a performance 
difference that was not noted In the nonstres? treatment group. 
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The transitory nature -of anxiety wotiTd-l7\d1cate that how indl- 
vidaals perceive the circumstances-shodld be considered. /\s Spielberger 
(1971) has* lT>d1 dated , stress whtch produces threats to sel f ^esteem, 
that 15. negative evaluation of performance, should be cpnsWered as 
another index of the fitness of a situation In which an individual might 
l«arn or perform a given task. Therefore, the appropriateness of 
research on anxiety and motor behavior would seem to be Valiant Mpon 
assessment of the strengths- of competing and correct responses;; Obtaining 
data in these situational anxiety approaches ameliorates Optimization of 
potential learning situations and would offer a more sensitive tool for 
individualizing strategies and evaluating responses. 
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